ABSTRACT: The Diagnosis and Recommendation Integrated System (DRIS) has been proved efficient as a method for nutritional diagnosis in several crops. However there is a lack of information on the use of DRIS for tropical forage grass. The aim of this paper was to establish norms for interpretation of results of analysis from recently expanded leaf laminae of Brachiaria decumbens Stapf. (Signal grass), through the DRIS method. To establish DRIS norms, concentrations of N, P, K, Ca, Mg, S, Cu, Fe, Mn, and Zn and the relative production obtained in six experiments conducted in greenhouse using nutrient solution and silica as substrate were considered. DRIS indices were calculated using two criteria in order to choose the ratio order of nutrients: F value -ratio of variance for the relationships among nutrients between the reference group and the low productivity group; and R value -correlation coefficients between the productivity values and the relationship among the pairs of nutrients, and three forms of calculation for the functions of nutrients (methods of Beaufils, of Jones, and of Elwali & Gascho). The two criteria to choose the ratio order of nutrients selected different ratios between pairs of nutrients; the nutrient concentrations were positively and significantly correlated with the respective DRIS indices, except for N; and DRIS norms are useful for the nutritional diagnosis of the ten studied nutrients in leaf laminae of Signal grass. 
INTRODUCTION
The common interpretation criteria for chemical analysis in leaves of forage grasses, Signal grass included, imply the comparison of nutrient concentrations with values of reference of critical concentrations or sufficiency ranges. The Diagnosis and Recommendation Integrated System (DRIS) uses relationships among the concentrations of nutrients and not the absolute nutrient concentration. The comparison of each relationship with the average relationship of a reference population (Beaufils, 1971) has been efficient for interpreting foliar analysis results.
DRIS uses the binary relationships among the nutrients making it different from the traditional methods of diagnosis (Costa, 1999) . The calculation of DRIS indices depends, initially, on the establishment of reference norms. Therefore, it is necessary to select a population of high productivity (reference population), from the premise that there is a significant relationship between the supply of nutrients and its concentrations in the plant, so that increases and decreases in the fluxes and concentrations of nutrients provide variation in the production.
The relationship between a pair of nutrients in the DRIS norms can be either direct or inverse, but only one relationship type is used for each pair of nutrients. The order of relationships can interfere in the results of nutrient index calculation, especially if the functions are obtained using the method of calculation of Jones (1981) , as demonstrated by Bataglia & Santos (1990) in Citrus sp.
Two criteria for the selection of the relationships among nutrients have been used. The criterion of the F value (Letzsch, 1985; Walworth & Sumner, 1987) and the R value (Nick, 1998) . To calculate the ratio functions of nutrients, three methods have been tested: Beaufils (1973) , Jones (1981) , and Elwali & Gascho (1984) .
The objective of this paper was to establish DRIS norms adapted to Signal grass because there is still no information available to allow the use of DRIS method for the nutritional diagnosis of this forage crop.
MATERIAL AND METHODS
To create the database, results of nutrient concentrations in the laminae of the two youngest, totally expanded leaves with visible ligula were used. These laminae have recently been reported as diagnostic leaves in several tropical forage grasses (Monteiro, 2004) . Data were recorded from six experiments with the grass Brachiaria decumbens, grown in silica with nutrient solution, in greenhouse environment at Piracicaba, State of São Paulo, Brazil. These experiments were related to nitrogen rates (one experiment), phosphorous rates (one experiment), magnesium rates (one experiment), sulfur rates (two experiments), and combinations between rates of nitrogen and of sulfur (one experiment), a total of 342 samples.
Plants were submitted to two harvests. Plant tops were separated in: a) emergent leaves (EL); b) laminae of the two youngest, recently and totally expanded leaves, with visible ligula (LR); c) laminae of the other mature leaves totally expanded (LM), and d) culms + sheaths (CS).
All plant material sampled in the two growth periods were dried to constant weight in stove with forced air circulation at 65ºC, and then weighed in precision scale to determine the production of dry mass. Diagnostic foliar laminae (LR) were grounded for determination of nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, iron, manganese, copper, and zinc, according to methodology described by Sarruge & Haag (1974) .
The reference population of the study was formed by results of chemical analysis in LR of Signal grass, which showed relative productions of dry mass of the plant tops over 50% of the maximum in those experiments. This population was then defined after examining the distribution of frequency of the relative productivity.
The average, the standard deviation, and the coefficient of variation of relationship values for nutrient concentrations, two to two, were obtained from the results of nutrient concentrations in the plant tissue collected in the two harvests of Signal grass, for populations of low and high productivity. To choose the nutrient ratio order, two criteria were appraised. The first criterion, proposed by Nick (1998), denominated R value, is the calculation of the correlation coefficients (r) among the productivity values, and the relationship among the pairs of nutrients, either in the direct or in the inverse order. In this criterion the relationship order which presents the higher absolute value for the correlation coefficient (r) should be selected, considering: According to the criterion described by Letzsch (1985) and Walworth & Sumner (1987) , the F value uses the calculation of variance ratio of the relationships among nutrients between the reference group (r) and the low productivity group (b), either in the direct order or in the inverse order. Through this criterion, the relationship of order that presents the larger variance ratio between the group of high and the one of low productivity, was selected considering: The DRIS indices for the nutrients were calculated using procedures proposed by Beaufils (1973) , Jones (1981) and Elwali & Gascho (1984) , on the software Microsoft Excel TM spread sheet. To evaluate the efficiency of the three methods used, considering both criteria (R and F values) to choose the ratio order of nutri-ent concentrations, the DRIS indices for each nutrient were related to the concentration of the respective nutrient and the significance correlation was estimated using the "General Linear Model" procedure (GLM) of the statistical package SAS (SAS Institute, 2000) .
RESULTS AND DISCUSSION
Through the distribution of frequency of the dry mass production (Figure 1) , it was observed that 29% of samples presented relative productions lower than 50%, either in the first or in the second growth of Signal grass. Thus, for the establishment of DRIS norms for Signal grass, samples of high productivity (reference population) were defined as those that presented relative dry matter yield higher than 50%. The relative dry matter production was expressed as percentage of the maximum (100%) production reached by the plants in each experimental unit. Table 1 presents the average values, variation coefficient, and standard deviation for the concentrations of nutrients in laminae of recently expanded leaves of Signal grass, for the reference population (relative production over 50%) in the first and in the second growth period, as well as for the average of the growths. Tissue samples of the first harvest presented higher concentrations of nutrients than tissue samples of the second harvest, especially for nutrients N, K, Cu, Mn, and Zn. The higher concentration of nutrients in the first growth probably resulted from higher demands of nutrients by plants in their establishment (formation of the plant top and the root system). In the second growth, plants already presented their root system formed, the productivity of the plant top was generally higher, leading to dilution effect in the concentration of the nutrients in the plant tissues.
Preliminar tests showed that the use of average values of both harvests to generate DRIS norms presented similar efficiency to the use of the individual values of harvests. Thus, in the establishment of DRIS norms the results of average concentrations of nutrients were used in the material of both harvests ( Table 2) . The values obtained for DRIS norms for Signal grass were lower than the one used by Bailey et al. (1997) for perennial ryegrass, mainly when Ca, Mg, and S participated in the relationships, indicating that the concentrations of these nutrients Table 2 -DRIS norms (averages, coefficients of variation and standard deviations) and variance for the relationships among nutrients two to two, correlation coefficient between the ratio of each pair of nutrients and the relative dry mater production of Signal grass (R value) and ratio among variances of the populations with high and low productivity, considering the reference population (F value).
*The values in boldface correspond to the selected relationships among nutrients. in the population studied by those authors were higher than those of Signal grass. Both criteria to choose the ratio order of nutrients: R value proposed by Nick (1998) and F value described by Letzsch (1985) and Walworth & Sumner (1987) , selected different ratios, the selection of same ratio only happened in 18 of the 90 studied ratios, mainly when nutrients N, P, K, and S were involved ( Table 2 ). The criterion R value highlights the fact that in most of the relationships among nutrients low relation value between the ratio of each pair of nutrients and the relative production was observed. Coefficients of correlation equal to or higher than 0.40 were only obtained for the relations N/ Zn, K/P, Ca/P, Mg/P, S/Zn, Fe/Zn, Mn/P, Mn/Fe, Zn/N, Zn/P, and Zn/Fe. To choose the relationship, correlation coefficients with very low values were used in several cases.
After defining DRIS norms, the standard procedure was established in order to calculate DRIS indices using the two criteria to choose the ratio order of nutrients: R value proposed by Nick (1998) and F value described by Letzsch (1985) and Walworth & Sumner (1987) , and the three methods more commonly used for DRIS and proposed by Beaufils (1973) , Jones (1981) and Elwali & Gascho (1984) .
The correlation coefficients among DRIS indexes obtained through the methods Beaufils (1973) , Jones (1981) and Elwali & Gascho (1984) for combinations of criteria to choose ratios of nutrients (R and F values) and the concentrations of nutrients in laminae of recently expanded leaves of Signal grass for the entire population of the database are presented in the Table 3 . Positive correlations (P < 0.01) were observed between the concentrations of the nutrients and the respective DRIS indices obtained through the methods of Beaufils (1973) , Jones (1981) and Elwali & Gascho (1984) , except for nitrogen. The low relationship among the DRIS indices for nitrogen and the concentration of N has also been registered for other perennial crops, such as cherry and hazelnut (Righetti et al., 1988) , citrus (Salvo, 2001 ) and coffee (Reis Jr. et al., 2002) . These results indicate that for nitrogen, DRIS indices are strongly dependent on the concentration of the other nutrients in the sampled plant tissue, while for the other nutrients DRIS indices are dependent on their own concentrations. Also, nitrogen concentration is strongly influenced by dry matter accumulation, which is the sum of the concentration of C, H and O, variables usually not included in DRIS indices (Mourão Filho, 2004) . The criteria of values R and F, to choose the ratio order of nutrients, presented similar fittings among DRIS indices and the concentrations of the nutrients for the three DRIS methods used.
The relationships among DRIS indices and the concentrations of nutrients allowed two types of fittings: linear and logarithmic. For situations where the adjustment followed a linear model, as exemplified in the case of Zn (Figure 2a) , results indicate that DRIS indices depend on each nutrient concentrations. When the adjustment was of the logarithmic type, it was observed that, as exemplified in the case of P (Figure 2b 
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0.56** Sumner, 1987) , an attempt was made to graphically establish the concentration of the nutrient in the leaf which is equivalent to this point of nutritional balance, by using the equation of adjustment of the results (Table 4) . The methods Beaufils (1973) , Jones (1981) and Elwali & Gascho (1984) presented similar results concerning the concentrations of the nutrients considered adequate to the nutritional balance. For Signal grass, when laminae of recently expanded leaves are used for diagnosis purposes, there is still no standard nutritional patterns well established for all the nutrients approached in this paper. However, Monteiro et al. (1995) , Mattos (1997) , Santos (1997) , and Monteiro (2004) reported results for some nutrients in the recently expanded leaf laminae establishing the pattern of nutrient concentrations in Signal grass. These results are shown in Table 4 . For nutrients in which such information is not available, concentrations of nutrients in the new leaf laminae were considered, as reported by Gallo et al. (1974) and Werner et al. (1996) .
Since it was observed that the nutritional balance defined by DRIS method is coincident with the concentration considered adequate by the criterion of sufficiency range, results can be considered absolutely coherent. The exceptions were Mn and Zn, for which DRIS methods indicated concentrations to the nutritional balance lower than the concentrations considered adequate to this grass (Table 4 ). According to Monteiro (2004) , lower Mn and Zn concentrations in the recently expanded leaf laminae than in mature leaves have been found in Brachiaria samples. Monteiro et al. (1995) ; Santos (1997) ; Mattos (1997) and Monteiro (2004) for the laminae of recently expanded leaves, and from Gallo et al. (1974) and Werner et al. (1996) 
